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o The mass of the prepared specimen, M;, is measured immediately before testing to an
accuracy of 0.01 g. This mass includes the sealant for the vertical surfaces and the top
surface.

e The bottom side of the specimen is immersed in water (tap water) up to a maximum
depth of 3 mm. The water level is kept constant during the duration of the test.

o The uptake of water by capillary absorption is measured through the mass of the
specimen, M(t), at time intervals of (1, 5, 10, 20, and 30) min, 1h, and then every
hour up to 6 h. Twenty-four hours after the first contact with water the specimen mass
needs to be recorded again.

o Before weighing, the surface in contact with water is pressed against a paper towel to
remove any water excess.

Depending on the purpose of the test the duration of the suction period may be extended
beyond 24 h, but is finished when the rising water front reaches the top surface or the slope
of the mass gain versus time is constant.
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Figure 7: Basic NIST setup for laboratory evaluation of concrete sorptivity.

5. Calculation and presentation of the results
5.1 Evaluation of results

The water absorption per unit area, w;, of each test specimen
(M() - )
A

is recorded and presented for each of the specified time intervals in [g/m?]. Together with
the absorption data the area of the tested surface is given for each specimen.

ws(t) = (27)

The data, w,(t), should be plotted versus time and the square root of time. The time
at which the slope of w,(t) vs. v/# changes should be recorded. The points recorded before
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the change of slope should be used to determine the sorptivity coefficient. The sorptivity
coefficient is the slope of w,(t) vs. v/t without the initial point at t=0 (i.e., before contact
with the water).

It also may be interesting for comparison purposes to determine the total intake of water
per unit of mass, W. It can be calculated by the following equation:

_ M) - M

w A

(28)

5.2 Test report ,
The test report shall include all available information on the characteristics of the tested
concrete, in particular

e date of test and age of concrete

¢ identification of the test specimens

o description of concrete; type of cement, mixture proportions, aggregate grading
e curing method and duration

e preconditioning method and duration

e dimensions of the specimens

e mass of the specimen before and after sealing it

o test results: the mass of water absorption [g] and the water absorption per unit area
of the test surface [g/m?] for the respective suction periods

e sorptivity coefficient

e plots of the water absorption per unit area of the test surface vs. time and square root
of time

B.3 Gas Permeability

1. Scope

The guidelines describe a laboratory method for the experimental detemination of the
nitrogen permeability of a hardened concrete specimen. The method is applicable to con-
crete grades for pavement applications as well as for other cement-based materials used in
construction. These guidelines are modelled after those published by RILEM TC 116-PCD
on “Permeability of Concrete as a Criterion of its Durability” [100].

2. Test Specimens

2.1 Size and shape of test specimens

The test specimens are preferably cylinders 100 mm (4 in) in diameter and 37.5 mm in
length. Alternatively, cylinders 75 mm (3 in) in diameter can be used in the same testing
apparatus with minor modifications. It is recommended that at least three specimens be
used for each test. If the specimens are sawn from a larger cylinder, their position relative
to the original cylinder should be recorded (e.g., top surface, 2nd interior slice, etc.). This
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information will allow the detection of inhomogeneity in the cylinder due to casting, improper
consolidation, improper curing, etc.

2.2 Manufacturing of specimens
Specimens could be cored or cast specimens. The cored specimens need to be sawn in
order to have at least one surface that is flat.

Cast specimens shall be manufactured in molds made of steel or polymer of sufficient
rigidity and appropriate size. Pouring and compaction of the concrete shall comply with
national regulations on the production of test specimens. No form oil or releasing agents
shall be used on the bottom side of the mold when casting the specimens. If steel molds
are used a separation of the hardened concrete from, the mold is provided by covering the
bottom of the mold with polyethylene sheets or films. If a release agent was used to cast
the specimen, a thin layer of the bottom of the specimen needs to be sawn and discarded.
During the first 24 h after pouring, the specimens are kept under wet burlap and a plastic
sheet at an ambient temperature of (20 +/-2) °C. Then, the specimens are demolded and
cured as specified. For a comparison of different concretes, the same curing procedures must
be applied to each.

3. Preconditioning
After completion of the specified curing regime the specimens are preconditioned accord-
ing to the guidelines provided in section B.1.

4. Test Method

4.1 Preparation of the test specimens

In order to assure one-dimensional flow during the permeability test, the sides of the
cylindrical specimens should be sealed as outlined in section B.1. The bottom surface of the
specimen is examined to ensure that it will provide a good seal against the silicone rubber
spacing ring placed into the bottom the test specimen collar (see Figure 8).

4.2 Test procedure ‘

The length of the test specimen is measured to the nearest 0.1 mm. This can be performed
by measuring the length of the specimen at ten points equally spaced around the perimeter.
Each measurement is performed to an accuracy of 0.1 mm, and the resulting average and
standard deviation are reported. The specimen is sealed into the specimen frame using the
screws around its circumference. Pressurized nitrogen gas is supplied at the inlet and the
flowrate emanating from the top surface of the sample is monitored using either a bubble
flowmeter or a digital lowmeter. Resolution of commonly available digital flowmeters are on
the order of 0.1 ml/min, which limits the permeabilities which can be evaluated using this
technique. A series of concentric o-rings divide the top surface into three monitoring areas
(inner, middle, and outer) each with a slightly different area for flow. The areas of each of
these flow areas are measured in advance. The initial seal of the specimen via the silicone
rubber spacing ring can be rapidly evaluated by applying a pressure of 0.276 MPa (40 psia)
and listening for leaks or monitoring the stability of the inlet pressure signal.

The measurements are carried out at inlet pressures above atmospheric varying from
0.069 MPa (10 psi) to 0.414 MPa (60 psi) in 0.069 MPa (10 psi) increments. At each pressure,
the flowrates are monitored until they have equilibrated and then are recorded for each of
the three monitoring sections.

5. Calculation and presentation of the results
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Figure 8: Basic NIST setup for laboratory evaluation of concrete gas permeability.

5.1 Results ,

The results obtained at different pressures are fit to Equations 8 and 9 to determine the
intrinsic permeability, k; for each monitoring section. A non-linear regression package, such
as that provided by Dataplot [101}, can be used to determine the “best” values of k; for the
flowrates measured at the different pressures. The computed values of k; should be reported
for each monitoring section.

5.2 Test report
The test report shall include all available information on the characteristics of the tested
concrete, in particular

date of test and age of concrete

identification of the test specimens

description of concrete; type of cement, mixture proportions, aggregate grading
curing method and duration

preconditioning method and duration

dimensions of the specimens

test results: measured flowrates for each pressure and each monitoring area for each
specimen evaluated

calculated intrinsic permeability coefficients
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